A separation method for piperine and its isomers (chavicine, isochavicine and isopiperine) from a photoirradiated mixture of piperine, in solution and in suspension, by high performance liquid chromatography (HPLC), was investigated to clarify the relationship between the disappearance of the pungency in older, ground pepper and the photoisomerization of piperine. Piperine and its isomers were separated on a Sumichiral OA-2000 column with hexane/dichloromethane/ethanol (4811610.8) as an eluting solvent. Their structural elucidation was carried out using nuclear magnetic resonance spectroscopy and HPLC atmospheric pressure chemical ionization mass spectrometry (LC/APCIMS). Although the increment in the three isomers in commercial ground pepper after exposure to sunlight was observed by monitoring the MH+ ion on LC/APCIMS, the degree of increase varied very little. It is questionable whether the disappearance of the pungency in older, ground pepper is derived from the formation of tasteless isomers by photochemical changes in piperine.
piperine in solution is readily isomerized by exposure to sunlight or UV Iight to yield three geometrical isomers. Although high performance liquid chromatography (HPLC) has been shown to be capable of separating these isomers, the simple and complete separation of the four isomers in the pure states has remained ambiguous.
Formerly, De Cleyn and Verzele ( 1975a,b) reported the chromatographic separation of piperine isomers with an alumina column and with a nitrosilica gel column (Verzele et al, 1979) . Later they reported that neither was completely satisfactory, especi_ally with respect to reproducibility. In 1989, Verzele et al described the improved separation of piperine isomers on polyphenol derivatized silica gel as a stationary phase with hexane:tetrahydrofuran (THF) (60:40).
Takagi et a/ (1988) reported a separation method for piperine and its isomers on a reversed phase C8 column with a mixture of O, l% THF in water and 75% acetonitrile-0.1% THF in water (92:8) . However the fractionation of the isomers was considered insufficient, and structural elucidation was done only in the case of isochavicine by IH-nuclear magnetic resonance (NMR).
This report focuses on the separation of the four isomers (chavicine, isochavicine, isopiperine and piperine) from a photoirradiated mixture of piperine, in solution and in * To whom correspondence should be addressed.
suspension , by preparative HPLC and their structural elucidation by NMR spectroscopy and HPLC/atmospheric pressure chemical ionization mass spectrometry (LC/APCIMS). Furthermore, the existence of the three isomers in commercial ground pepper, before and after exposure to sunlight, was investigated by monitoring the [MHJ ~-ion on LC/APCIMS.
Materials and Methods
Genera/ procedure UVabsorption spectra were determined on a Shimadzu UV 200 spectrophotometer. HPLC (Hitachi HPLC L6200-L6000 system or Shimadzu HPLC lOA system) was carried out on a SUMICHIRAL OA-2000 column (8 mmx30 cm, Sumica Chemical Analysis Service, Ltd) with hexane/dichloromethane/ethanol (48/ 1 6/0.8) as an eluting solvent. Thin layer chromatography (TLC) was done using silica gel 60 F-254 (Merck) with ether. A11 13C-(75.4 MHz) and IH-(300.0 MHz) NMR spectra were obtained on a Varian XL-300 spectrometer using a 5-mm broad-band probe (Okamoto et aZ, 1988) . The software used to obtain the IH-1H nuclear Overhauser effect (NOE) and 13C-lH chemical shift correlation spectroscopy (C/H COSY) was from Varian Instrument, version 6.3A. All spectra were recorded for solutions which contained 0.5-25 mg of samples in 0.6 ml of CDC13, including tetramethylsilane (TMS) as an internal standard. The CIH COSY spectrum (not shown) of the photoisomerized mixture was measured for the olefinic region. Spectral widths of 3800 and 640 Hz were used in 13C and IH dimensions, respectively. The spectrum was collected as 64x I K data points and was processed using pseudo-echo weighting functions prior to Table 1 .
Physical constants of l-piperoylpiperidines.
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2) The irradiated suspension of piperine (0.5 g) (the piperine suspension was prepared by pouring its acetone solution into a large volume of water), as previously described K. HASHIMOTO et al. 3 2 PPW See Scheme I for abbreviation. NMR experiments are described , was extracted twice with dichloromethane ( 100 ml) at room temperature. The CH2C12 Iayer was washed with water. The dried layer with sodium sulfate, was concentrated in vacuo to yield an oily residue. The residue was treated with a small quantity of benzene to remove piperine dimer . The benzene layer, after concentration, was chromatographed using preparative-TLC to give a Furthermore, it was newly found that these isomers were also obtained from the photoirradiated piperine in suspension as by-products of piperine dimers . It was presumed from the UV data as shown in Table I that a 2E,4E configuration in a diene system would be present in compound 4 (piperine, ~max 340 nm), a 2Z,4Z configuration in I (chavicine, Imax 3 18 nm), a 2E,4Z or 2Z,4E configuration in 2 and 3 (isochavicine or isopiperine, Imax 329 and 335 nm). The UV data were in agreement with those of synthesized piperine isomers reported in the literature (Grewe et al, 1970; Yamamoto et al, 1974; De Cleyn & Verzele, 1975a,b) . The detailed structural elucidation for 1, 2, 3 and 4 was determined on the basis of NMR experiments. IH-lH NOE and C/H COSY were measured, in order to recognize the reported IH assignments (Grewe et al, 1970; Wenkert et al, 1971; Yamamoto et al, 1974; De Cleyn & Verzele, 1975a, b; Tsuboi et al, 1984) and to assign the 13C signals in the spectra 125. 2, 3 and 4. The 4Z and 2Z relationship in 2 and 3 are determined by NOES between H4 and H5 of2, and between H2 and H3 of3 in Figs. 5b and 5c, respectively. The assigned IH and 13C-NMR spectral data for the compounds 1, 2, 3 and 4 are summarized in Table 2 .
The geometry of the double bond on C2-3 and C4-5 was also presumed as E or Z relation based on the characteristic IH-1H spin-coupling constants. The coupling constants of the olefinic protons (on C2 and C5) indicated a 2Z,4Z configuration for the compound I (J=10.7; 1 1.0 Hz), a 2E,4Z
configuration for 2 (J= 14.6; 1 1.4), a 2Z,4E configuration for
